Promising approaches to the promotion of healthier eating amongst children in primary school settings include the opportunity to practise practical cooking and growing, promoting the take up of healthier school meals and nutritional education. However less is known about the potential for strategies that integrate approaches through a focus on food sustainability issues -such as the promotion of awareness about local, seasonal, organic, fair trade and higher animal welfare foods. This paper presents an evaluation of the Food for Life Partnership, a multi-component programme that sought to address both the health and sustainability aspects of food. The study consisted of a two stage cross sectional survey of Year 5 and 6 students (ages 9-11) in 30 primary schools at enrolment and after 18-24 months, combined with an analysis of programme delivery. Higher self reported fruit and vegetable consumption in the second stage survey was associated with a range of indicators of school participation in the programme. These included the reform of school meal procurement and preparation; experiential food growing, cooking and farm-based education; and improved opportunities for stakeholder engagement. The study therefore develops a case for multi-level programmes that incorporate sustainability issues alongside experiential food education in primary school settings. 
Introduction
Over the last ten years, there has been increasing concern over the health of English children particularly in relation to rising obesity rates. This is partly explained in relation to poor diets [1-3]:
research suggests that significant numbers of children consume sugar, salt and saturated fat that are far in excess of recommended amounts, while at the same time failing to consume the recommended amounts of fresh fruit and vegetables [4] .
With most children attending school daily, schools are in a unique position to influence and promote healthy eating amongst this age group. Research in school settings indicates that practical food education is a promising strategy for promoting children's interest in healthier eating. Development of cooking skills has been shown to promote healthier eating and encourage children to try new foods [5] ; studies report that children involved in growing food for consumption are more positive about eating fruits and vegetables and tend to have higher fruit and vegetable consumptionalthough the actual reported shifts in intake are uncertain [6] [7] [8] [9] [10] [11] [12] . Similarly, studies suggest that children in schools with strong farm links eat more fruit and vegetables [13, 14] .
Furthermore, a growing body of evidence has emerged on the significance of food in school and, in particular, the benefits of healthier school meals. Following the introduction of new standards in England, school lunches have been found to be more likely to contain all five healthy food groups (starch, protein, vegetables, fruit and dairy) in comparison to packed lunch alternatives [15, 16] .
More generally, longitudinal tracking studies suggest that sensible eating habits formed at school are considered to have lasting significance into later life [17, 18] . School meals can be seen to have a wider role when understood as an additional lesson in the day. As part of a whole school approach, the lunchtime can reinforce messages on the importance of a healthy, varied diet and a willingness to try to new foods.
Participant involvement is widely accepted as an important element of successful school based health promotion programmes. Research reviews therefore highlight the need for programmes to create situations for children to have ownership over their food choices [19] and for parents to have a role in the implementation and adoption of programme messages [20] .
Reviews of school-based interventions [20, 21] suggest that multifaceted approaches are likely to be most effective on diet and nutrition, combining reforms to the curriculum, school food provision and engagement of stakeholders. Van Cauwenberghe et al.'s review found strong evidence of the positive impact of multi-component programmes with children aged 6-12 years old. More specifically, De Sa and Lock's review of 30 studies found that 22 reported a significant positive intervention effect on fruit and vegetable intake at follow up. Differences in intervention effect ranged from +0.14 servings to +0.99 servings per day.
Although parts of the evidence base are coming together, there has been little research on school programmes that frame food as a matter of social and environmental sustainability -as opposed to personal nutritional health -and their role in health education. Ecological, ethical and welfare aspects of food have increasingly come to the foreground as a part of a global debate about food security and the environmental impacts of an industrialised food system. Climate change, biodiversity, animal welfare, local economic development, social justice and cultural regeneration aspects of food are topics that may create alternative routes for health education messages. Furthermore food sustainability, as an overarching theme, may offer the opportunity to re-energise multi-component health programmes in schools as a conceptually coherent set of practices. This study sought to examine the associations between the promotion of sustainable food issues in primary schools and student self reported fruit and vegetable consumption and a range of associated student behaviours.
Method

Programme characteristics
The Food for Life Partnership (FFLP) is an England-wide programme delivered by a partnership of four charities. The initiative evolved out of a concern that obesity and the climate change impact of food cannot be addressed unless "individuals and communities are reconnected to how their food is produced, and regain the skills and knowledge needed to take active control over what they eat" [22] . As a simple membership scheme, all schools in England can enrol with the programme. The focus of this study was on FFLP 'flagship' schools: these were selected by the programme to receive the enhanced level of staff and small grant support outlined in Figure 1 . This support was delivered over approximately 18 months. Flagship schools had been selected from a pool of applications in response to regional and national advertisement. Successful enrolment on to FFLP was based upon programme officers' assessment of a school's commitment and capacity for change as articulated in the head teacher's application and through site visit. This component provided the framework for coordinating the whole school approach. In the first four months an FFLP programme officer established a food action group consisting of student representatives, lead school staff and caterers, and parents or other community members. This group set up consultations with students, parents, staff and the wider community to identify improvements in all aspects of food in school.
As an outcome of this consultation the group developed a school food policy and action plan that provided the reference points for improving the provision of healthier foods including an emphasis on sustainability and wider engagement with food producers and the local community. After the first four months the food action group convened every six weeks to review and plan reforms on an ongoing basis. Student representatives produced bulletins on progress to peers and parents.
2) Food quality & provenance.
This component focused on school food procurement and standards. FFLP staff delivered a package of training and support for catering teams (cooks and food procurement staff) to make greater use of sustainable food in school meals. FFLP interpreted sustainable foods to include: in-season produce, high animal welfare standards meat, free range eggs, marine conservation certified fish, locally sourced produce, Fair Trade certified produce and produce from a certified organic source.
All such ingredients were to be used in menus that complied or exceeded national guidelines on healthy lunch menus.
FFLP training for cooks, totalling about five days, covered the promotion and marketing of healthy diets and food sustainability; cooking with unprocessed foods; menu planning; waste reduction; and effective staff, parent and student liaison work. FFLP staff supported caterers on an ad hoc basis to switch to sustainable food suppliers. FFLP issued small refurbishment grants for, for example, the installation of fresh fruit and salad bars.
3) Food education.
FFLP provided teacher manuals, lesson plans and project activity packs covering food origins and environmental aspects of farming, growing in school, cooking with unprocessed fruit and vegetables and sustainably sourced ingredients. FFLP staff provided guidance on how to integrate these educational resources into the school curriculum such that food sustainability issues would be addressed as a regular element of lessons.
Training for school staff covered skills for food growing, cooking and food based preparation using sustainably sourced ingredients. FFLP staff advised and provided small grants to develop a school garden area, whole-class cookery facilities and educational links with food producers such as farms and community gardens.
4) Parental & community involvement.
This component established formal engagement with parents, by means of consultation questionnaires and interactive meetings, in the first four months of the programme. This covered strategies for promoting fruit, vegetables and sustainability issues in school at lunch time, break times, lessons and after school groups.
All parents were provided with written information on the aims of the programme, ideas for using healthy and sustainably sourced ingredients in home cooking projects with children, and ideas for growing fruit and vegetables at home. Parents and wider community members were invited to take part or actively deliver FFLP-related school activities such as cooking clubs, farm visits and harvest celebrations. These messages were reinforced through newsletters and other routine communications.
To encourage local ownership of the programme each school exercised considerable scope in developing their own specific strategies for implementation. For example while the FFLP provided standard educational resources, teachers decided how to incorporate them into their schemes of work. Thus the programme had many elements of a 'bottom up' social movement as opposed to an externally directed intervention [23] .
Study Design
Following Somerset and Markwell [11] , a historical control design was adopted. In the first stage, students completed questionnaires at the point of enrolment with the programme. These data were used as a control for the second stage of data collection with students after the programme intervention period (between 18-24 months). For complex interventions such as FFLP, Nutbeam [24] , Springett [23] , Victora et al. [25] and Connell and Kubisch [26] emphasise the importance of establishing plausible evidence of the links between activities and outcomes. Therefore, in addition to the student data, we collected data on multiple indicators of programme related activities in schools at both stages in the research. Figure 2 summarises the data collection design. students and were, on average, larger than the English average (mean=285; England=238). The majority of schools were located in urban areas. Sixteen percent (5/30) of the primary schools were in the top national quintile for free school meal entitlement. Free school meal entitlement for parents in receipt of income and family benefits is widely used as an indicator for socio-economic deprivation [27] . The schools were more likely than average England schools to have a track record in health promotion and environmental activity (assessed in terms of participation in the National Healthy Schools and Eco-Schools initiatives).
At the first and second stage, at least half of the Year 5 and 6 classes (ages 9 to 11) in each school took part in a questionnaire survey. School staff were asked to identify mixed ability classes that were available in on the day of questionnaire administration. In total, 1435 students completed the stage one and 1463 students completed the stage two questionnaire. On both occasions, an average of 61% (S.D. 6.33) of Year 5 and 6 students completed the questionnaire at each school.
In each school, students completing the stage two questionnaire were of the same Year group to those undertaking the stage one questionnaire. They were not the same individuals. For each school the two groups did not statistically differ with regard to gender and Year (P<0.05 for both). All classes were of mixed educational ability. Average absenteeism or withdrawal was less than 2% on both survey occasions. For both surveys, the questionnaires were administered by the research team or, on occasions, programme officers using standardised guidance.
Measures
Self reported fruit and vegetable intake
Children were asked to estimate their intake of fruit and vegetables using the standard measure common to all programmes funded through the Big Lottery Well-being initiative [28, primary schools tool]. Eight written examples of one standard portion were given such as 'one apple' or 'a small bowl of salad'. To reinforce understanding of portion size, administrators of the questionnaires used pictures and standard language to read out the question to the class. After checking that students understood and had thought about the question, they were asked to record their estimate reflecting on their previous day.
Through piloting, we assessed the validity of the measure with 139 students. Two hours after recording their estimate, these students then completed the 'Day in the Life Questionnaire': a validated 24 hour food consumption recall tool for group level measures [29, 30] . showed a statistically similar distribution of fruit and vegetable portion intake.
Implementation of programme related activities
The student questionnaire also used measures related to programme activities. Using a Likert scale these included: school meals and the dining room experience; cooking at home and school; growing at home and school; and farm activities. Students were asked to indicate their preferences towards four items that were defined by FFLP as examples of sustainable foods. These were a Fair Trade snack bar, a bag of organic carrots, a box of free range eggs and a locally sourced apple. Using simple picture and price comparisons, students were asked to opt between these items or cheaper counterparts that lacked a 'sustainable source' label. The four measures had an internal reliability value of 0.825 Cronbach's Alpha. These were combined to provide a five point attitude scale towards FFLP-related 'sustainable food'.
A second questionnaire for completion with lead school staff focused on key aspects of programme delivery, such as stakeholder involvement in decision making; use of sustainably sourced ingredients in school food; and the extent of practical food education. These data were used to assess the whether schools had met each of the 58 FFLP criteria that lead to programme awards. Taken together, these measures provided a set of indicators to assess exposure and fidelity to the programme related activities at both stages of the research.
Data analysis
All data were entered, cleaned and analysed using SPSS, version 17 -a statistical software package.
Analyses were confined to frequency distributions, calculation and comparison of mean scores and cross tabulations between stage one and stage two groups. Statistical tests were used to examine strengths of association between key variables. Regression analysis was employed to assess the relationship between self reported fruit and vegetable consumption and FFLP programme related variables. A 0.05 significance level was applied to all analyses.
Ethical issues
The evaluation protocol was approved by UWE Research Ethics Committee. School head teachers were asked to give written consent based upon written and verbal information provided by the researchers. Schools provided parents with standard written information on the study, data protection and right of withdrawal. Students were informed of the purpose of the study. We adhered to each school's policy on the right of students to opt out.
Results
Student self reported fruit and vegetable consumption
Comparison between the survey groups shows that the intervention respondents reported eating an average of 0.31 more portions fruit and vegetables per day compared with the stage one respondents (3.11 to 3.42; SEMs: 0.03, P<0.05, Table I ). The self reported consumption of both fruit and vegetables were higher in the intervention group. Vegetable consumption increased slightly more than fruit consumption, but the difference was not statistically significant. Table II shows that the intervention respondents reporting eating 4 or more portions of fruit and vegetables in the previous day increased by 13 .1%, from 38% to 51.1%. The difference between the two survey groups was more pronounced for Year 5 students. Those reporting eating 4 or more portions in the previous day increased from by 15.7% from 37.5% to 53.2%. There were smaller differences between the two groups for those respondents reporting lower portions of fruit and vegetable consumption (3 portions or less). 
Programme implementation: mechanisms for change
Overall the results show that the programme was associated with a range of school reforms. In most cases, training, facilities, participation and student exposure to sustainable food issues increased over the course of the evaluation period. Tables III and IV provide examples of school level programme indicators and data on student participation. Table V summarises the results for student self report data. The results show positive trends between the two groups, although noor only small differences -were recorded for farm visits and cooking at home.
Further data analysis: linking mechanisms and outcomes
An analysis of the characteristics of intervention participants showed that self reported fruit and vegetable consumption was positively and significantly associated with experiences and attitudes towards programme related activities (Table VI) . Ordinal regression analysis was used to further test these theorised links. Table VII shows This analysis suggests a positive relationship between fidelity towards and implementation of the programme process and the programme outcomes.
Discussion
The study sought to examine the association between healthier eating amongst 9-11 year old children and a wide range of school based activities organised around issues of food sustainability.
Some methodological limitations need to be taken into account when interpreting the results. The use of a historical control design meant that the study did not track longitudinal change in individual behaviour. Apart from the national data, the study has no external comparison: thus the study design does not allow for causal attribution. The programme delivery occurred in the context of other national and local school food-related reforms -all of which might have had an impact on research measures. It is also important to take into account the self selected programme recruitment process. This is likely to mean that participating schools may not reflect the wider profile of English primary schools in terms of the preparedness to work with the programme goals.
Nevertheless, the study sample sought to include a diverse selection of schools, including schools with little previous track record on food sustainability issues, and the participation of mixed ability students.
The study design sought to explore the links between programme outputs and longer term outcomes. The extent, scale and temporal sequence of school level changes lend support to the proposition that the programme had an impact on increased student fruit and vegetable intake.
School level data showed an upward shift in the scale, integration and range of educational sustainable food activities over the evaluation period. This was accompanied by a rapid process of staff training, improvements in facilities and redeveloping a curriculum for experiential learning.
Progress across this set of organisation level indicators lends support for a positive programme effect [25] . Moreover a positive programme outcome was associated the achievement of programme criteria.
This interpretation is supplemented in the form of student self reports -a form of data triangulation [24] . These include student perceptions of school meals and the dining hall environment, food preparation at school, and participation in growing fruit and vegetables both at school and at home.
External research evidence lends support to the causal mechanisms anticipated in the FFLP approach. These include the positive effect of increased take up of school meals [16] , the role of skills based food preparation education [5] and fruit and vegetable gardening in school [12] . Other results showed little or no difference at the levels of school and student data collection. This suggests that elements of the programme, such as farm-based activities and cooking in the home environment are less likely to act as causal pathways for the anticipated outcomes.
The programme had a variety of levels of implementation across the school setting. This approach appears to have had some benefits that might be less evident in a programme with more restricted domains for action. Working on a wide range of issues at the same time, programme related outputs were evidenced in multiple settings -such as the classroom, the dining room and the after-school club. The focus on sustainability appears to have mobilised change amongst different agentswhether these are amongst student peer groups, catering teams or parent social networks. This reflects a health promotion approach in which there is a synergy of effort at multiple levels [26] .
This focus may also allow previously disconnected areas of activity to become linked -such as the kitchen and the school garden -and in so doing lend greater visibility as part of a joined up initiative.
Thus a food sustainability approach could create an overarching set of principles and practises for organising work over the longer term.
However the programme indicators also suggest a highly dispersed set of activities. This could have diluted the potential impact of the programme. The theorised links between messages on food sustainability and messages on healthy nutrition are complex and potentially contestable. For example, there is no necessary connection between the promotion of organic or locally sourced foods and the promotion of fruit and vegetable consumption. In part, this may account for the trajectories of the study schools as school planning groups interpreted the priorities for implementation somewhat differently. This complexity raises a challenge for the roll out and coherence of this type programme as a combined health and sustainability initiative. It also throws light on an emerging agenda to conceptualise food-health-sustainability links in the design of both programmes and their associated evaluations.
Whilst these issues demonstrate considerable scope for refinement, the changes theorised in the FFLP model were found to have an empirical basis across a number of domains of action. Thus the study reinforces a case for multi-level programmes that adopt a holistic, experiential and environmental approach to food education in primary school settings.
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